*H ^ ^ t^t ^« 0 ^ 

{Preparation Method of Magnetic and Metal Oxide Nanopart icles} 
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7p<3 <L>5f-i- M-i^*} ^>S( # M-i:^ X>o) ^Wj- 

1H 3rtt 51 AS J±t} ^Hl^fTll^ (1) SE^ ^#1* ^^afl 

Tjm*^* s^Kr -g-^Hl ^7>*H W -8-^^- *)l^Kr #3], (2) 

^•71 ^ -g-ofl^. 50 ~600°CS 7}^§M ^-7] tf^l-^-g- l^sflAl^ 4^ g:^ 

10 #^ tfsl-i- M-^°J7>7> §fe ^ ^ (3) AV 7] L} t o^ }f 

n 73 7} it 

15 ^ ^>5)-# M^^Hr 3.71^- S.°<H] ^ 7}7l ^, ^7l^ ^ 

^^M^r ^o. S Si4(Dai,Z.R. yldv. Func. ifefer. 2003, 

vol.19, p. 9). ti>^'AS ^ H-^^7>^ 7}7l^ <=J 

S^l, 4^ 7l* D fl^ ( ^nfl, ofl^xl x^l, ^ ^ 5)1^#^o]h. 
(ferrofluid)sf x^t^ w.o>^] -g.-g.ol 7}^ % o_g_ ^H^-H 

20 (Zarur.A.J. Nature, 2000, vol.403, p. 65; Majetich.S.A. Science, 1999, 
vol.284, p. 470). 

$-7)^4=- 13 ^fl, -g-^Hl ^ ^ *1 

25 <*|7H ^^-f- g-*- A] 71 f^fil^ -B-£^| ^OJtV ^Aj ^oj] 
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-B-5^Kr 7\^r ^ 3-8-4^ 9X^, °14- €£4 4*9=^ 7]#l-oi 7 fl 

tW^^lf-^ ;*H 2003-0082395:^ ^ £^14 -§- 
5 iflofl^ 30 ifl*] 200 #-§-*l^ 313* ^4 ^-4~7fli£ 

^lS^T-Jl ol zVsJ-'f-l-^- 50 4*1 500 °C^1 

*i 1£"S»*1^ 5-<H*V ^4 q-^^^m ^4 ^ ^ 4 

i^4» ^ #4*113- tfSH^ O-S.^ ^i^V ^ ^ #5\-Sr 14^0 H 1 

4* ^*Hf- 7flAl§>J7 &4. 

10 iW 1 ?!^-^^ *ll 2003-008234, nl^-s.^ US 6,262, 129S ^ 

Shouheng Sun, J.Am.Chem.Soc. , 2002, vol.124, p. 8204^ 1 , fe-i-, -fr 
7]^ ^ -B-71 44* -^SKn ol 200 4*1 360 °C3 7}<i4<*| 

(Fe 3 0 4 ) M-^<£4 *fl5-» *H2§Hr »^°] 7flA]E]c>| oitq.. a o v 7 ] afl^^o^ 

<£*M EL7]±r 1 ^ 4 ^V/^^l 4« ^S}^]7l7-m 3^ 4l^ 4# ^7}°) 
15 € ^l-S. S^^-A^Ml ^ 91^. 

A^4 -g-u]}7> ^4 £7]|- -§-<*» 6|| ^-^§1 ^ 4 X <3 4^ 

4# *f| S^Hr wj-^o] tt>^^ 5d4(Peng, X. Chem. Mater. 2004, vol.16, 
p. 3931). 

20 ^ 4^*3 JE<£4 3.71 # dE^Hr^ ^4^* § 

IHj SE*V &4. 

^sL ^A>o)c ^ t^I^^ ^ 7 |. ^o_n^ t±%- 

25 4^71, #4 ^ 4^^ ^4^1 ^ #41- 4^°« 1 7>i- t$2^% ^ sl^= 4^ 
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°1 7l]AlE]c>j &c|-(Cheon, J.Am.Chem.Soc. 2003, vol.125, p. 15981). 

^t^-CPark.J.T. , J.Am.Chem.Soc. 2003, vol.125, p. 3408). 

3 °1 #4. tfl^ 1 ?l^'^7l1^-^ ^12003-008239531 ^ Park, J. T. 
J.Am.Chem.Soc. 2003, vol.125, p.3408^r M"^^ *>S aflili- ^sMl* 

4. ^1^ 2^711 °i*f| afl^ifH -si-s-^l l^H^l 

£:2 US 6,262,12931, tfl*M?l^§] ^2003- 

0082394 ^ Shouheng Sun, J.Am.Chem.Soc, 2002, vol.124, p. 8204. 
91 «&| 0 ^-ir, -n-71^1 ^ -a-71 o>^ ol^Tl] 37}*] ^*o] o^o) q-^oi 

15 3ltB« Sf-^r sfleHB ^>s}-i-^ &<>H a>s(-^^ 3, 

# ^ iS^B^ ^Sr^^r 2o]xln]- ^^o] ^^o] ^3j-g-^- f>}a\ f 

20 «^ -fr7l^ <x^;5L M«>7fl sH ^#^1 3z]-^;e 

^-Jl Peng, X., Chem. Mater. 2004, vol.16, p.3931-£ *}^# 

-f-S ^ ^ ^^1^>J1 -§-^1 ^ (rapid injection)^) 

^ ^#^r 7># tfl^o. 

25 5. ^-^#71 ^^4. v}&7}x)3, Cheon, J.Am.Chem.Soc. 2003, vol.125 
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P.1598H^£ ^ ^Bflo^ tij-g- -g.6»o1) Al^j (rapid 

inject ion)*H *!:SJ~I- M^*^ A}^}7) ufl^fl M-ic 

5 *H £ ^*>#^ ^Ml ^xfl ^o] ^ ^^#1, -g-ufl £ 

"^^-^-Jl 7>^*><^ ^ ^ Xj-^g. l4 t ^X># Xfl^^ 

SM ) rjo^ ^7j^O S ^ SEfe ^ ^r5r# U|-ic«ax>^ ^1^7} 7>^*>J1 ^ 

io ^*>7H = 

^^Ml 3^r A>-g-^}.xl ^:J7 Ti^r^r ^-g. ^-f>}6\ 

15 ^M^T 371^ -g"^*}- X>Aj A_^ f l^oj*} gc- ^ Xj.^ q. 

IL^<L£. rfl^ ^a>^. 4, oi^ ^ g:^ a>^ # q-^6jx}oJ 

£ ^iLS. (1) 5E.\r *3^#ll-|r 7)1^%^ *1] a 

^IM^lS -g-pflofl ^7 r ^H ^ -£- 0 -^ afl^^r #31, (2) 

20 #7] ^U- 50-600 "Ci^ 7 r <I§H at- 7 ] Ai^^^ ^^-*flAl^ x>a^ g=i=. 

^ A>gJ. # ^^^71. ^sj^JL ^ 3.^ (3) Xj-7) uT-^ol^ 

^ S-W A>Aj ^ A>5|. # l4^0l Z|> 5] ^^W 0 1^# ^^^4. 
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4« *)l2:SHr 444 3H4. 

JE 2a, 2b £ 2c^ 44 £ 44 ^4 6nm, 9nm, 12nm 44€ 

4^41 ¥4444*1^-° s 4 : i:4 141 444 ^Joitq-. 

£ 3a, 3b ^ 3c^r 44 4 4^1 44 *fl^4 6nm, 9nm, 12nm 44 

5 sl]eMJ= 41 ^4 x d^t.)^As 444 141 44^ ?M4. 

£ 4^r 4 44 >fc4 6nm, 9nm, 12nm 44 44°lB 4^4 

A ^4 AA°]n A^ 444 7 AAA. 

5. 5^r 4 4*3 °ll AA *H^4 12nm 44 ^4°lB 4^41 Si^A 

Ji&n^ ¥4444^-^ 444 14* 444 ^°14. 
10 £ 6-£ 4^1 44 *fl2:4 ia^B 44°1B 4^4« ¥4*1 4*1 

^] Ti^LS. 444 €4-1- 444 3H4. 

£. 74 4 4^1 44 *fls4 M4 44°lH A^-AA9 ¥4444*1 
-S- 444 141- 444 ?H4. 

£ 84 4 4^°1] 44 tfl^=o.s ^12:4 9nni 444 4^^4« ¥43 
15 44*1^°-^ 444 141- 444 ^°14. 

£ 9^ 4 4^°11 44 4°14^- 441- 4^41 ¥4^4^ 

A^^-S- 444- 141- 444 3H4. 

£ 104 4 ^o]i ^ns4 4°14^- 44# 4^44^ X-4 s)l 
44 ^ 141 444 3H4. 
20 s. 114 4 4^*1] 44 *fla&4 441- 4^41 ¥4444 

A^SlsL 444 141- 444 ^°14. 

S- I2^r 4 4^1 AA- *)1^4 B J^4 444 4^x1-1- ^jlA 
¥4444*1^-° s 444 141 444 ?M4. 
£ 134 4 4^<i A A- ^124 44 441- 4^41 ¥4344*1 
25 444- 141 444 3H4. 

5 



£ 14fe ^ 44 *fl^4 ^Jl^ j7«-§fl 

¥ ^434^4^5. ^r#^r ^ozf* 44 \H ^44. 

n &q 14* 44^ 344. 



£ (l) *F3 ^ tH^*^] £fe TiMfA^i 

# i^Rr -§-*fH 17>*H ^ -g- 0 -^ *f|2*Hr 44, (2) #7l 
10 # 50-600 °CS 7><a^H A J-7l 1£*fl4^ ^ ^ 

W 4 A <3 4i^4 -a-^-i- q-ii^x}^ ^wj-TtH 7 A 

<>14. 

4*HH £ 4^ 42^4 4-§-#4 Sfl^Rr 4 A <3 ^^-#1, 

£ 1^44 "4^ S,^ qHeflolB ^]<g^ aj-^., 

^ *i^.olH.(MX a , M=Fe, Ni, Co, Gd, Mn, Zn, Cr, Cu, X=F, CI ,Br, I, 
0<a<5) 4 1 4 ^ 4 #3.5.3] 4 H 414 ^ff, ^ €4*H4B 

20 414 sWl:, ^44 4 4^ ^j<go} 5E^r -fr4 ^ Til 14 a^-t 

#4 4-§-€ $14. 

#4 4Seflo]B 74114 sj-W^l^ €(II) 4H314H, Kill) 

4B44H, 44 qseiHH, 4^44^, 4°d 4B44H, 4^ 4 

H44H 4 ^-E] 4H44B ^-4 i^cf. 
25 #7] ^ M44B Tjl 14 4^#4-£r € *^14H(II), % €*IHB 
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(Ill), W i§^HE, ^5)l0]E ( ^ ^HB, ^5{|0]E W 0} 

#71 ^ c ^1^0] sj-t^ofl^ kid tain m 

eM^, Tfl^el^- ^l(ii) bb^Hb, nan) bbpHb, 3.^ 

10 B BB^o]^ BBt4°1 = , ^5} BB^o]^, o}<£ V£_v}o)^ t 1(1 1) 

€(III) o r °l£.4 0 l£l, ^rZt o}o) o^^ol c f ofo] o t}-o]j=, 

#7] 5ltSS5)lolS 7)11^ t(III) 3i]#^a.eflo]E 

[Fe(C10 4 ) 3 ], S^-H 3J)#S.S.5flolH[Co(C10 4 )23, ^#BB3Hb 
15 [Mn(C10 4 ) 2 ], ^ 3mBBe)MB[Ni(C10 4 ) 2 ], ^ ^#BB3Hh [ Cu ( C1 o 4 ) 2 ] 
^ 3lt^eflolE[ Zn ( C104 ) 2 ] -o] if-^cf. 

#7] =4? H^HHB 7\m«\ t 1|2HHB(FeNH 2 S0 3 ) 2 , # 

# iI4^HB(MnNH 2 S0 3 ) 2) M€ €^HH B(NiNH 2 S0 3 ) 2 , S^B €4*fl°lB 
(CoNH 2 S0 3 ) 2( €^HB(CuNH 2 S0 3 ) 2 ^ °1 B(ZnNH 2 S0 3 ) 2 

20 B^t}. 

#7] ^ ^o)Eflo] H 7^11^ s^#^ i BE]oHHB[Fe(0 2 C 18 H 35 )], 
<£?J iB]oleflo]E[ Mn (o 2 c 18 H 3 5)], ^H3HB[Ni(0 2 C 18 H 35 )], B£] 

<^l°lB[Cu(0 2 C 18 H 35 )], 3fS ^^£flo]E[Co(02Ci 8 H3 5 )] ^ ^ ^eH^M 
B[Zn(0 2 C 18 H 35 )] ^1 Bf-^. 

25 #7] -ft- 7] 7fl1<>] ^-^-#^r Kill) EflHHf^^SS^-^.- 
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4^ 4ol^[(c 44 H 28 N 4 )Fe] 2 0, B5^(2, 2, 6,6-^1^^1^-3, 5-W4°l 0.^0] 
H) t(III)[Fe(CnH 19 02)3; Fe(TMHD) 3 ] , *} ^(2 ,2 ,6 ,6-BflB5Hl 1-3,5-^ 

^cfo] c L vilo]H)q^[Ni(CnH 1 90 2 )2; Ni(TMHD) 2 ], «1 ^(2,2,6, 6-^11 

l-3,5-^f3r4 o l-$-T-1l c, lH)i3 1 SH[Co(C ll Hi90 2 )2, Co(TMHD) 2 ] , «1^ 

5 (2,2,6,6-^B^im-3,5-^^4 o l^Ml o m)^^[Cu(CnHi90 2 ) 2 , ^B 
Cu(TMHD) 2 ], til^(2,2,6,6-BflBBl-^l-3,5-^^cl- o l^^ c >m)^[Zn(Ci 1 H 1 90 2 ) 2 , 
^B Zn(TMHD) 2 ] ^ «li(2,2,6,6-^Se|-^m-3,5-^^4 0 l^-tll 0 lB)^ 
[Mn(C 1 iH 19 0 2 ) 2 , Mn(TMHD) 2 ] %-°] B^M. 

#7) ^d^#^" b^ °h ^m^i^ ^ ^>M^m ^¥ ^-en 

10 J= 31 H (MX a , M=Ti , Zr, Ta, Nb, Mn, Sr, Ba, W, Mo, Sn, Pb, X=F, CI, Br, I, 

IE, Xl=5i^ ^H^B^o]^, Ej-ig-^. ^E]-#SHl-olc ; E|He)-#S5l-ol 

eI-w 3lBe}B^4°l^, ^1=3^ ^B^BB^M:^, &!k¥ ^^rBB^H^, 

15 B^ ^B^BB^M-^- ^ ^ BB*MB B°l 5.f-5}t}. 

^^1 ^lB^^H B±r ^>Sr# ^^r* °>^sM 71 

7} "^m# A ^l" 7} oi-g-sj^cfl nej^. ^l^^^lHfe- -i-ell^Coleic 

acid), 2H-B*Klaur ic acid), 31 o}e.*K stearic acid), nl^EflsA]- 
(mysteric acid) B^ «| A>tfl7>ic^ ^Khexadecanoic acid) ^ ft 7) ^(CnCCOH, 

20 C n : 'SrsHrB, 7<n<30)4 ^-efl^ ^(oleyl amine), eR-fi ^^(lauryl 
amine), B^-%1. ^(trioctyl amine), cf°l^rli (dioctyl amine) SE-fe- 
*]a>eM o>^l(hexadecyl amine) f-^ -R-7l a}*?] (C„NH 2 , C n : ^sHrB, 
7<n<30), B^tt El^(dodecane thiol), ^ #(hexadecane thiol), 

^BHtb El-^Cheptadecane thiol) B4 E-l-ir(C n SH, C„: itsHrB, 

25 7<n<30), ^B^^ l^lH BKtetradecyl phosphonic acid), 4^1 ^ B 
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^i4^(octadecyl phosphonic acid)4 S.^^ <£(C n PO(OH) 2 , C n : 

7<n<30) ofujef Se]4t li^ -^4°]^(tr ioctylphosphine 

oxide), S^EKtributylphosphine), <&13 °lB(alkylsul fate) , 

<£Q X^HBCalkylphosphate), 3]B4M ^S-^ «-4°l^(tetra 
5 alkyl ammonium halide) i^"^ 1 ^. 

ti>^-3i*Vell Zl^*> -g-*lH^r ^ <M=.(octyl ether), ^ 
^-(benzyl ether), ^ ofltfls (phenyl ether) ^4 «^^|s^] S(-^-#(C n2 0, 
ItsHr^, 5<n<30) 4th W 313:, ^4 ^4 ^s|-^4i^-(C n H m , 

10 7<n<30), #efl^>Coleic acid), 4-t-^K lauric acid), i^M(stearic 
acid), s,A>( m ysteric acid) ^43l4i^#(hexadecanoic acid) 

^4 -B-^^VCCnCOOH, C n : 4sHr^, 7<n<30)4 o}^l(oleyl amine), 

4"t-H. 4 1 3(lauryl amine), 6 >^l(tr ioctyl amine), 4°l^r! 

(dioctyl amine) SE^ ^44^ 4*1 (hexadecyl amine) ^4 -fM 44(C n NH 2 , 

15 C n : 444^, 7<n<30), 5L4^r e] ^(dodecane thiol), «?44?> 4^g- 
(hexadecane thiol) HL^ ^44^r 4i(heptadecane thiol) ^4 Qg- 
^-i;(C n SH, C n : 44^, 7<n<30) *§-°) if-S)x]n> 0 ]«ifl *H*k&|if o> 

£ 4^E *ll2:^4 44 (IH^h ^ ^ 

20 (i) 3i4%^*n 2^ (ii) 3m#^m a#*Kr -s-^hi 3 4*m ^ 

^ -g-4# *H2^4. Aj- 7l ^ ^.ofl ^m^r^^l^ ^1-14 1 

lOOwfl, 4^447])^ 5 44 704, H4 a>^-zj §>?fl^ 8 4*1 504^ 4jLS 
5-^* *r $14. 5E^r, ^-^^l -g-nfly} 3£^€ , °14 4^r#€ 

4 1 4*1 1004, 4^444^ 2 4*1 604, 14 H].^§>7fl^ 5 4*1 404 
25 ol 4 . 
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^x] 600°C, i4 W^^tt 100 ifl*] 450°C, a>fH*MI^ 250 ^ x] 

400 °CS 7>^*V«^ x}^ je^ ^ ^#1^ <t^-*fl #-§-*l^ € 

5 5^ ^7lAi x^ a^j^ 14^01 ^ ^^Jix} n}^ 7§^-*\}±r 50 ifl 

*| 600°C*1H 30^- tfl^l 3A]^o> 7>^^Jl ^-4? a>^# q-^<a^># ^12:§>J1 
7> Sj-fe- 50 600°C<^H 1^- tfl^l 2Al?i^<t[- 7}<t§Rr 3H 

10 SE^r 4^*>» ^-BltVcf. i+i^Kr x£<g A] 

°fl y cHH *r 9X^} * °<MlS. «*H^& £E^r o> 

$7}«H =4=. ^# q-^x}# ^^Al^l 3f 

15 x}" fe- 1^4 ?JI 3*^*11* 5tt^ -g-^Hl ^2.^. 

« 7><1^ ^-a^ ^ 014, "4^" *P<3 4^x}" 

€^ <£3HH *H l+iiSJ^ 371^ X>^ Aj^^o) ^r: 

20 ^1 ^ ^ Si^t-ll ^1-^4 ^£7> ^7>^^- x}^ a>5). # ^ol 

X>^ H7l£ 7^4. ^ 7 "| -g-n]]^ o o to.^ 2^ ^£ ^ 

4. *f 6nm xp^ 4i^xKr -g-nfl# ^n 2 "*^ 30 ^ 

35«fl, ^ 9nm x>Aj a>s)-^- q-i^^Rr -§-nfll- ^^^-^o] 15 x] 2 Qn , 
12nm x>xj a]-s|. # l|^^x>^ -g-nfls. a^^l # ^^ 5 ^ 10tifl o] o^o.^ ^ 7 ^ 

25 ^ ^1^1" ^ $14. 

10 



2f^ ^1^#^^7} ojs-o] ^ 

§H 42-3*1 ^ a>^ # q-^oi^ ^ oiq. Aj. 7l Tfl^^M 

q-^^ aj^ol ^7>*iq. ^ s.^*V 3]^ ^ 2-30 

nmq ^ <L>2}-€- q^«a^>» ^ -fr^AfM 4 1 ?! 1/50 tfl 

*1 50/1, H>^^>7fl^ 1/25 ifl^l 25/1, H>^^>7fl^ 1/12 iflxl 12/1^ 

q. 

15 ol^-ij. a. 4= ^^|. M x 0y(M=Fe, Ni, Co, Gd, 

Mn, Zn, Cr, Cu, 0<x<3, 0<y<4) ^ l^q ^ q^^^l 

a>S). # u^o^j-Sf MM' 2 0 4 (M ^ M'=Co, Ni, Mn, Zn, Gd, Cr) ^ 2^ ^ 

20 JSE^h q€- ^IS^^r M x 0 y (M=Ti , Zr, Ta, Nb, Mn, 

Sr, Ba, W, Mo, Sn, Pb, 0<x<3, 0<y<5) ^ l^q ^ ^-M^ ^ 

^ ^ qid^^q- BaTi0 3 , PbTi0 3 , ZrTi0 3 , BaSrJu-,, PbZr x Tii- x 0 3 (0 

<x<l)^ 2^5] ^ ol^^^l 4^- ^ a>^ # q-^^^7]- 

^ 5a*m °H 3}^ <qqq. 

25 *Rt, ^ ^IS^^l qsfl ^^xl 7>A^ A>sj. # q- t ^7>> 
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M-i^xRr Ji-g-^ €-^1^1^ ^fls, #pfl ^ x} 

^ 7fl£S Ol-g-^ 4, 014. 

<H*1 7>^%> 
15 -M^H l 

-gAH 1. 4<£^ a7]# ^ q-i^^x>^ xflS 

0.1M ^KAldrich) ^ 0.1M eJ-fH oRUAldr ich)* 
20 290°C^ 20ml 41 3l = (Aldr i ch) -£-*lHH % T-J)Hefl°]B(Aldrich)t- 1*1 # 
<l^-$fl sHJ-^HH thermal decomposition)^ 6nm ^Srl 4^*1-* ^ 
A ^>^4. 5E*h ^ H J^H -g-*ti^ 0 o^ 10m 15. «>J1 #7] 6nm # 

sj-H q-jt^x)-^ ^-^4x^4 ^x># ^^*H 9nra 4^ x}« 

^2:^4. ^r^i, ^ ^^)^\ -§-*ti^ 5m 13. ^}JL #7] 6nm, 

25 9nm ^S)-! 4^*}^ ^- A ^^^ li^rl- ^r^H 12nm ^sfl 4^ 
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4^1 ^€ ^€ 4^4-t -8-^ 20^« 

€ TEM grid (Ted pella Inc.H ^4^:2 4 30 ^ ^47j #4 ^u]^ 
(EF-TEM, Zeiss, acceleration voltage 100kV)44 ^rlr^r^l °14 14-1 £ 2 
5 ofl 444$34. £ 2a, 2b ^ 2c^r 44 ^ofl 44 6nm, 9nm, 

12nm ^t 0 ^}! ^4 3l *HI *1 3 £.3. 14* 44VH ^^-S 

3^ H44 ^1 4^°J7>7> ^^§>7ll 3# SKim *r 5a&4. 

-i4°fl 2 . 44°lH(MnFe 2 0 4 ) q.^44 

10 

6nm 44°]H 4i^7Kr € 4HiSlHB(Aldrich)4- 44 #^4 

ol^(Aldrich) -id ■?■■§- ll-§- 2:14 4^4^ ^^-§>Jl 0.1M 4-f^-4 ^ 0.1M 5} 
-fl 44^1: ^44ir 290°C4 20ml = -§-n]H4 144 *4 ^-§-a14 

4 ^5]-^. 9nra, 12nm 44 3144^ q^oi^ 132 i ^4.7)1 -g- 

15 nfl^ <#-£r 3l^\o^ ^*r$24. 

4^»1 f"44 3)1 5^-Ol H 4^41 ^44444 

141 £■ 3<^1 444534. £ 3a, 3b ^ 3ctt 44 -g- 43=4 
6nm, 9nm, 12nm 44 ^I14 0 1B 4^ 41" ¥447}44 4H-4 141- 

444 ^J-S. -^34 371^ 44 3Ej] 4°1 — 4lxi^7}7l- 5-^s>7fl ^1^5)^ ^ 

20 # 444 ^ &S24. 

4^44 ^7l 44 44°lB 4^4744 H7 |ofl 14s. i^). x}7lo]e| 
■8: SQUIDCSuperconducting Quantum Interferencing Device, MPMS)-1 °1 -§-^h°i 

^4^zl, s. 44 141 444534. °1^4 B^l- 44 #4 471^ q-t 

^44 37l7> ^7>^^- 7]xl^ ^ ^ $14. 

25 5E4, 44 44 44°lH 4^°J7>« 444^ -§-°J] 20^1 4^44 
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TEM grid (Ted pella Inc.H Jl 30^- 

^^r^l^CHigh Voltage High resolution TEM, Jeol, 
acceleration voltage 1250kVHH ^rt^ZL, £ 5^1 14* ^ 
Zt ^5fOlH i^i^x}^ l^^o] ^ inverse spinel) 

3. StB sfleHlB q-t 0 « 1 ^KCoFe 2 0 4 ) ^ ^€ 31 B ^-2e«9 

4(NiFe 2 0 4 )^ 

#S5r°]^(Aldrich) ^#1^ A}-g-§H ^a]^] 2^ HHH ^ 3" 

% VA ^ iS^B H-i^^r ^ tJ)*B ifle|-o]E 141^ 

^^r^l^BB ^41- 44 £ 6 ^ 5. 7°)} q-Bftfl^rf. oj^w 

15 3.7)7} 9+lnm^ ^^}t\] ^s]^ &^g- ^l^BS^. 

20 1.M er^-s^ ^ 1M ^-fH 290°C^ 100ml = -g-Tjflofl 

^<LsL ^5|-1 M-^r.^ 4# ^^f^HH^BB 

14* £ 8°fl ^xfl$icf. &^ol ^ojtfil 3714 S.<#B 5*3 

t^l 41- <«B5L ^llS^ ^ $l-%-^r ^91^}^. 

25 
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0.5mmole 4°14 : e- s]) e4#^4°1 E. (Aldrich)S- 0.28g ^efl^ 
(Aldrich), 1.7g 44(Aldrich)4 ^^fl ^ 290°C^H 2^- <t^- 

5 n ^r-g-Al^ Efo]E}^- a>^.# 4i^4» *fl2^H£4. 

141 £ 9°)] 444^4. 5nm^ z]^4 25~30nm4 *2°}9 5fe 4°1 
4t=T 44-# 4^44 2fl^4&^§: ^-ol^ - o1<£4. 

10 7l4(lcmX 1cm) 4°fl -MS ^-*1^4. 4^* 4^ 

X^d s]^ ^-^7l(XRD, Rikagu)!- °l-g-4^ e}o1^ aJ-j^ 4^44 1 
3 ^4^. °14 141" 51 10^1 444534. ol^Bi Et-o]^ a> 

4# 4^4^ l^^o] 444*11 (anatase) ^ 4<?1 

1- ^ saai4. 

15 

€ A H1 6. ^Sll ^2^-1- ^ir.^X]-^ ^ 

O.lmmole Eflm4#S4°l 2= (Aldrich)* 1.63g ^44, 0.54g -t 

eflU 4^4 -S^tt ^ 350t:°fl4 ia1# ^o> <g^-§fl 4-§-*l^ 1^31 
20 4i^4S 31^45*4. 

^4 ^€ 44# 4^4» ¥444^8*11 
14S £ il°U 444534. 01^-3 4^44 4 ^ l^^s ^ 

#*Kr 53* 4<?M ^ Slxi4. 

aJ-71 ^^^1 4^4» ^4€4^4^ 

25 ^-S. 141- £ 12^1 444^1}. 4s|-§- qt^^o] l^o] 

15 



-f^H <oio> -f # 1^ °1^5i-§-8- SHI^ *r 

7. #s)-# ^.^4^ ^ 

5 0.5 mmole #SB}-o] = (Aldrich)# 0.28g 1.64g °> 

#s)-# M-^^^m ^M^H^^S. ^t-tt 1 
^« JE 13oll t+EHfl&T}. tg.^ xj.^. # uj-^X^ « 
10 ^o] 7 > U^^g- ^^l^ £4} £4 Slo]^ ^ clo^tq.. 

5E#, #7l a>^- i} k oj 7l . f j^oj. jy^Sfl^ ^-^Hi^o. 

S £. 14^1 t^ifl^t)-. t#t> #s|-§- i-}^*}^ JjL 

<001> -°-^3 wfl^Sl^^l^]: <211> H H^S£ U 

15 #7] ^71 #3-1- q-l^xH X-# 3^ sflli 

#*i# ol-g- 

20 

TT #51-1- cfl^S. ^2:1: Aj^#;go] ^ gc- 

^^T^l* €*Hr H7l^ g= fe ^ A>g). # uftoj x |. t ^.<y 

^>7ll *|) S^" ^ 

16 



1. (1) iE^r ^ zfl^'M SE^ ^^«^^]« 
SfTT -g-nflofl $7>3M ^ *fl^Rr #?\}, (2) #7] ^ 

5 50-600 "C 3. 7}^}^ #7] 1-&«fl*l^ 5E±=r ^ W# M"^ 

°d 7>7> tf A^s)^ *}i=. r^] ^ ( 3 ) # 7 ] t^og^ i^-^ 

4 A 3 3^ tir5)-# ^^7}-^ 7)lS«^. 

2. *fl l^H #71 7>^ £^-M£r ^ MHeflolH 7^11^ S} 

3^#, ^ ^-5}o]^.(MX a , M=Ti , Zr, Ta, Nb, Mn, Sr, Ba, W, Mo, Sn, Pb, 
X=F, CI, Br, I, 0<a<5) Tfll^ ^ ^flieWB 7fl«g£t) s>^-#, 

15 q-icSJ^ 

3. *l) 2%H1 sa^-H, A d-7] ^ qneflo]H 3l<i^ S>^#^ 1(11) q 
Heflo]E ; ^(iii) q^elHB, qBeMH, ia^B M — e fl°lH, 6>«g q 

20 £)tt ^-^A^. ^Rr SE^ ^ ^4s># uf ^*}^ ^2:^. 

(II), € €*HB(III), gJ^MB, ii^HH, ^H^^ 

25 3. ^ 7pj HL^ ^ #3*g- q^ . 

17 



^tt A>#^^_ s of ^ £ o>4 Bfl o] H , q^fi A>#^-^. s o]-^] Bfl o] H , ^ 

^ ^]^>s^-Sl=^^is»i-^^c»ie ^ <>}<& q 

6. *« 2«<H1 $X°]^, A o V 7l ^ ^ ojo^ ^(11) 

hHjel, nan) tsslolE, #5.&M^, #5.e)-olc | ^ #5. 

10 eHs, #S.e}oic ( 7fl#sl^- 1(H) y^oiE, Kill) 

ti.^n>o]c i ^^-e ^^pI-c.]^, q*8 W.S.t'MJE., ^ q<£ J± 

S.u>o]EL, 1(11) o]-ol^rfo'| = , ^I(III) o>o]^cfo]c, ^Zt qq ^.q-ol IE. , 
q^ qq^qq^., -p-B] o]-o] o_q-o]EL, oj-<£ ol-o] o_qolEL ^ 

15 q-^qq afl^^ . 

7. xl] Sl^H, #7] ^^^eflolH 7fl<iq sl-W^ -t 
(III) q#^^3HB, ^^-H ^-f-SS.eflqB, q-1-s.SeflqB, q^ ^ 
l-^^eflo]E > ^3 q^sSL^HH ^ q-<3 q#3L5L3HB5L q^q^l =l& 

20 -^S^-El Aj^E]^ 3^ S^ilS ^ xpj £E^ =-4? 14^40] ^ 

8. *)] 2%H] sa^-H, ^ ^sHHH 3]<iq 1 ^sHl 

18 



^ W# q-ic^x}^ 

oieflo]B, ^BHelHB, ^^cvjeflo]E ( ^ ^bHbJMH, i&tB 

if-^s sfe 4 A d ^ -a-sl-i- M-^*}^ *)lS y J-^ . 

10. 2%H1 &o^ f a o v 7] o. 7l ^ ^cgcq Km) xfe 
ElE^Ni^ 4^ H&l^(2,2,6 ) 6-HflH5}^]€-3,5-^lt^- 0 l-$-i-il 

(2,2,6,6-^lB5^11i-3,5-^4 0 l^ 0 lH)i2i£B, ^1^(2,2,6,6-^1^5}^^- 
3,5-^^4°l^-^l 0 lH)^^ , wlr±:(2,2,6,6-BflH5}Dlll-3,5-^^:^-ol^..t|lolB) 
6 ).oj ^ «1 ^(2, 2,6,6-^1^^1^-3,5-^^01 iLX-iHH)^-^ °}^°]^ ^ 
f-^SJfE-1 1-^05. ^ 7}^ 2 ^ ^ xj-^g. q-^x}^ 

15 Xl^lHl. 

11. *)1 1%H1 SZ^i, a o > 7 ] ^ <d^l-l^ =4* %^oUEL(MX a , M=Ti , 
Zr, Ta, Nb, Mn, Sr , Ba, W, Mo, Sn, Pb, X=F, CI, Br, I, 0<a<5) ^l^^l $c 
W£ ^ ^ xF<3 ^r^-# q-^^xf^ afl^^. 

20 

12. *)1 11« 0 H1 Sl^H, A o V 7l ^ l-efoljc Tjl^oj El-ojEl^- 

EllBe}-#S.BH^, #Sel-o]c , S^B^ Efl^tSH)-olH, # 

25 B^-BB^l h., BflBe(-y.Bu}o] ^ n J-?J' BB^-olJE-B o}=-oi;*l zi|f-B 
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13. 9X°]*\, #7) n^L^U)^ ^7RKC„C00H, C n : ^sK^i, 
5 7<n<30)s1- -fi-71 o>^(C„NH2, C n : ^rSH^, 7<n<30), ^ B]^(C n SH, C n : 

^rSH^, 7<n<30), S^^H<a-(C n P0(0H) 2 , Cn: fjrSH^, 7<n<30), 1^ 

*>*r 7}^ ^ ^>sl-# i4^°gx>^ ^2:^. 

10 

14. *H 13%H1 &<>H, #?1 -fr7l#£ ^eflA> ( ^ha> i ^45^^ 

.2.3. ^ #S*# ^i^*^ aflStHj. 

15 15. *ll 13^1 5a°1-H , #?1 -n-71 o>^^- ^-efl^ o}rf\ t z\°sg o}v] t 

o>nl, ^.c]^-Tg *2 «jA>r-1]^ ^>1^^?1 Zlf-AS^-El 

S^fe ^ ^^<LsL *}±r *F<3 J£^r ^ #S*«- *H . 

16. ^ 13%H1 &<>H, #71 E)^ £dll} E^, ^A}^ 
SEfe ^ #S|-# M-^X>^ 2112^3. 

17. *fl 13« 0 H1 sa^-H, #71 I^ua^a EflHsl-^^ 5EiiHA> £ ^ 

25 7}^ ^4? a>^ # q-^ol^ afl^ig. 

20 



18. all 1%H1 $1°]*], -8-71 -g-nflif. ofl^fls^) ^-^(C^O, C n :^sK^, 
5<n<30), ^SHr^CCnH,, 7<n<30), -fM tfCCnCOOH , C n : ^sH^i, 
7<n<30), -fi-71 <^(C n NH 2 , C„: i&BK^, 7<n<30) ^ El^(C n SH, C n : 
^sHh^, 7<n<30)S ZL#o.^E^ a^ ^£.3. ^ 

5 *F<3 £E^=r ^ ^# q-^^x>^ afla^. 

19. all 18%H1 &<>H f ^-71 oflBfls^l sl-^-l-^r 4€ = , «M <i 

3~ ^ *>S|-# ^-i^*}^ aflS^. 

10 

20. *fl is^Hl SU^H, #7) U-sJ-^^s^ *nx} ^ ^e} tfl# ^ 

E}- dm AS °1^*1 ^O.^^ ^^51^ f^O S ^ £ ^ 

15 21. afl 18%H1 &<>H, ^7l -8-71^ ^-fsAV, ^BllO>3A> > 

^■S Sj-fe ^ ^>5l-# 14^^^}^1 afl^^. 

22. a)l 18-M tf?l -B-71 o}v]^ o}v}, oJ.nl, 
20 4°14€ ^ 3? oJ-n] oJi=LoJ;xl ZLf-6.S.^-El #^5]^ ^ m 

^3iS *m SEif- ^ ^^Eg. q.^. oj ^ afl^j-ig. 

23. all 18* 0 H1 5fl°H, #7) E]^- E]#, «)A>t-ll^ ^1# 

^ ^EfC-flTi E]#^ oJifLoJ^ ZL-f-O. ^JfE-J #3} 3^ ^ -g; 8j-fe 

25 ^-^f ^>s}-# M-i.^ a>q a)ls« 0 >^. 

21 



24. *f| i*M &*H, A J-7l 7^%^]^ a^ # ^^ x looyfl^) 

5 25. *l] Aj- 7 j A}^^<q j ^4 100 afl^ <£o_^ 

^ ^-ofloi] ^-i: f ^AS. ^ ^ a>s1-§- uf^T^ 

26. *)1 1%H1 &<>H, *H -St 1 *^ i#*Hr ^ -8-^^- 50 vfl^] 
10 600 30-g: 3^^^ 7>^§>^ ^ lf-^ AS *H<3 5E^ ^ 

27. ^ l^Hl ^ iE^Rr ^ -g-^ 50 
600°C<>1H 1^- tflxl 2A]^o> 7>1^ ?A^r f^jlS ^ x}^ ^ 

28. 1%H1 &<^i, ^-§-^3 s^*H 4^ a>^ # 
q-^^H 3711- 2^§>^ ^le^ <5>^r x}^ ^ A>g]. # q.^ 

^7>o] ^2:^. 

20 

29. afl 1%H1 SZ^^, ^1^#^^7> ol-g-^g ^^-oflfe- ^r; 
^ a>^ # 1^0} 40] S^lsm 3# ^"^S §l-tr Sl^ 

25 
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30. *f| 1%H] 9X°]a\, xH M-^^^m ^ x}^ M-ic 

°gx> 5E^r 4^ ^ ^# ^ *h ^ 

5 31. *fl 30%H1 &<>H, *H3 q-i^xRr M x 0 y (M=Fe, 

Ni, Co, Gd, Mn, Zn, Cr, Cu, 0<x<3, 0<y<4) < ?j. ^ ^-^S. x}^i gc 

32. *f| 30%H1 a> 7 ] ji^. ^ q.^^- mm-^m ^ 
10 M'=Co, Ni, Mn, Zn, Gd, Cr)<£ f^AS sfe x}^ 2^ ^ q 

33. *fl 5U<>H, A J-7l M-2n<a*Hr 

M-t^x} -4^ ^ W# M-lc^xKl ^ ^g- 

15 # W# M-id^x}^ aQsHfrti. 

34. ^| 33%H1 $X*1*\, ^7} ^ ^°gx}^ M x 0 y (M=Ti , 
Zr, Ta, Nb, Mn, Sr, Ba, W, Mo, Sn, Pb, 0<x<3, 0<y<5)°l ^ *} 
tt x>x^ se^ q-t^xv^ ^wj-t* 

20 

35. *l] 33%H1 9X°]*\, ^7} ^ ^ M^xfe BaTi0 3 , 
PbTi0 3 , ZrTi0 3 , BaSr x Tn- x 2^ PbZrJij-A (0<x<1)<?1 ^ f^AS f>}±i 

4t <L>^# ^ 0 JX1-^ ^ S « 0 >^. 
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14 *Ml*Hfe (1) *FJ SEtt ^l"^ 
^ -g-^^- 50~600°CS 7}|s}^ ^-71 t^fl^ HL^ 

£r ^11- itf* *H 2^ ^ ^2f# i4ic^7>^ afla^H ^ 3H4. 
10 olifLofxliELS ^BflS] *HS« 0 V 1H ti l*fl ^S^-MS. ^-^tt 3712] ^- c a*l: 4 



24 



1/19 

FIG.l 




2/19 

FIG.2A 
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FIG.2B 
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FIG.2C 
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FIG.3A 
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FIG.3B 
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FIG.3C 
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FIG.4 
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—A— MnFe 2 0 4 12nm 
—a— MnFe 2 0 4 9nm 
— #— MnFe 2 0 4 6nm 
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FIG. 5 
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FIG.6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 15 




